Since the discovery of microRNAs (miRNAs), a class of noncoding RNAs that regulate the gene expression posttranscriptionally in sequence-specific manner, there has been a release of number of tools useful for both basic and advanced applications. This is because of the significance of miRNAs in many pathophysiological conditions including cancer. Numerous bioinformatics tools that have been developed for miRNA analysis have their utility for detection, expression, function, target prediction and many other related features. This review provides a comprehensive assessment of web-based tools for the miRNA analysis that does not require prior knowledge of any computing languages.
Background
The microRNAs (miRNAs) are 18-24 nucleotides (nts) long noncoding, single-stranded RNA molecules. Canonical miRNAs are transcribed by RNA polymerase II to produce primary miRNAs (primiRNAs). These pri-miRNAs are then cleaved by RNase III Drosha to form precursor miRNAs (pre-miRNAs). The pre-miRNAs are then transported from nucleus to the cytoplasm, where they are further cleaved by RNase III Dicer into 22 nts long double-stranded RNA. One strand of the duplex is selected and loaded onto an Argonaute protein, which in turn stably induces the translational repression on binding to target mRNA [1] . With the advances in the technologies to detect miRNAs such as next-generation sequencing (NGS), specific need for the bioinformatics tools to analyze the data is also on the rise. But with the limited knowledge in programming languages such as R, Perl, Linux and Python, there is difficulty in processing these data. Therefore, this review attempts to present a collection of web-based tools at a level that is accessible to all the researchers without any prior knowledge of computing languages ( Figure 1 ).
Tools for miRNA detection and expression
The advent of NGS technology has provided many opportunities for the biological interpretation of sequencing data. We have listed the tools that can be used to perform in-depth analysis related to small RNA (sRNA) sequencing data with limited bioinformatics skills. The web-based tools use different alignment programs such as Bowtie [2] , which is based on the BurrowsWheeler transform (BWT) to achieve both accuracy and efficiency and exhibits advantage over Short Oligonucleotide Analysis Package [3] (SOAP), which uses seed and hash lookup table algorithm to speed up the alignment. Corona Lite package (http://solidsoftwaretools.com/gf/project/corona) and BurrowsWheeler Aligner (BWA) package [4] also used for mapping based on MapReads algorithm and backward search with BWT, respectively. Spliced Transcripts Alignment to a Reference (STAR) [5] uses the sequential mappable seed search along with seed clustering and stitching procedure. In addition to identifying known miRNAs, it is also important to identify the novel miRNAs. There are different tools available for novel miRNA prediction such as miRDeep and miRDeep star [6] , which use four steps (i) discard reads mapping to many loci, (ii) extract potential miRNA precursor, (iii) discard unlikely precursor and (iv) core algorithm that gives the probabilistic score of structure. RNAlib [7] uses dynamic programming language aimed to predict structures with minimum free energy (MFE) and computations of the equilibrium partitions and base pairing probabilities. The tool MIREAP (http://sourceforge.net/projects/ mireap) uses sequence, structure and conservation features to predict novel miRNAs. RNAfold (http://rna.tbi.univie.ac.at/) uses the MFE, experimental mapping data and structure conserved in homologous sequences for prediction, and sRNA workbench [8] uses RNAfold and Randfold [9] for secondary structure prediction, which is important for miRNA biogenesis. Prediction of the real miRNA precursor from pseudo one is important when analyzing large-scale genome-wide studies, which can be performed by Random Forest algorithm [10] . 'Oasis' [11] is a webbased tool that uses STAR as an aligner and miRDeep 2 for novel miRNA prediction. It generates downloadable web reports for easy analysis of data on a local system such as gene ontology Schematic overview of available bioinformatics tools for miRNA analysis. We have characterized for which they are being used including target prediction, NGS analysis, novel miRNA prediction, lncRNA interaction, SNP effect and many more.
(GO) [12] and pathway enrichment. 'MAGI' [13] , 'miRanalyzer' [14] and 'omiRas' [15] use Bowtie [16] as an aligner for mapping. These also use RNAlib, Random Forest algorithm and sRNA workbench for novel miRNA prediction, respectively. MAGI uses graphical processing unit for fast miRNA analysis, and it can take >2 GB FASTQ file as an input, and these features are not present in miRanalyzer and omiRAS. The upload and execution time for 'Chimira' [17] is faster when compared with Oasis and MAGI. The 'miRTools' [18] and 'Computational Platform for the analysis of Small RNA deep Sequencing data (CPSS)' [19] use SOAP alignment tool for mapping. Similarly, 'miRTools' and 'wapRNA' [20] use miRDeep for novel miRNA prediction, while CPSS uses MIREAP, miRDeep and RNAfold to identify the same. wapRNA uses Corona Lite package for mapping. 'DARIO' [21] uses machine learning approach for novel miRNA prediction. BioVLAB-MMIA-NGS uses sequencing and microarray data to measure miRNA and mRNA expression levels. It uses miRDeep and TopHatCufflinks pipeline [22] for data analysis [23] . Detailed features for sRNA sequence analysis tools are listed in Table 1 .
miRNA repository
A detailed platform for miRNA repository is required to keep all the annotation updated on newly discovered miRNAs. With respect to this, 'miRBase' [24] [25] [26] [27] [28] was developed first as web source for all the miRNAs found in plants and animals. It registers and categorizes pre-miRNA and mature miRNA sequences, assigns names to miRNA sequences and provides annotations like experimental evidence and publications details. It also has a list of high-confidence miRNAs belonging to several other genomes such as bovine leukemia virus. Sequences in the miRBase are mainly derived from cloning, northern blotting and sequencing studies. It also provides the predicted secondary structure of pre-miRNA. Other databases that archive all the current and historic miRNAs present in miRBase are 'miRBase Tracker' [29] and 'miRiadne' [30] and use the miRBase platform to prevent miRNA nomenclature ambiguities. Features for miRNA repository tools are listed in Table 2 .
Novel miRNA prediction
According to miRBase, there are > 35, 000 mature miRNAs distributed in 223 species. However, there are many that remain to be discovered and yet to be characterized. We have compiled the tools that can be useful to predict the precursor or mature miRNAs. The 'miRNAFold' [31] searches for longest exact stems that verify the hairpin criteria, extend the selected stems to get the longest non-exact stems and predict the secondary structure for selected non-exact stems. 'miREval' [32] uses support vector machine (SVM) technique, which has 57 features such as secondary structure, free energy and sequence composition, among others. 'MiRAlign' [33] encompasses several preprocessing steps to predict miRNA sequence such as BLAST search against the genome, scanning by a 100 nt sliding window including 70 nt flanking sequences and removal of overlapping sequences and rest treated as miRNA candidate. 'miRClassify' [34] detects miRNA from primary sequence and classifies it into a miRNA family irrespective of sequence and structure similarity. 'miR-Bag' [35] uses bootstrap aggregation-based machine learning approach to obtain high accuracy. 'miROrtho' [36] uses (i) ab initio prediction, (ii) homology-based prediction and (iii) SVM-based ortholog delineation. Liu et al. [37] have proposed the prediction of miRNA precursors based on distance structure status pairs ('miRNA-dis') and is useful for large-scale analysis of miRNA precursors. 'miR-albela' [38] is based on the property that miRNAs are occasionally present in clusters. 'miRBoost' [39] uses a boosting technique with SVM for miRNA precursor identification. 'miRNA-deKmer' [40] identifies miRNA precursors using degenerate K-tuple or K-mer strategy to accommodate long-range coupling effect and avoids high-dimensional problem. 'MiRscan' [41] [44] . Recent studies have shown that microorganisms including viruses can produce miRNA [45] to control host genes. Thus, identification, characterization and target prediction of virus-encoded miRNAs are also important. Predicting viral miRNA hairpin is useful to study host-virus interaction. 'Vir-Mir db' [46] predicts miRNA hairpins and target gene prediction in viruses based on the taxonomic classification and RNAhybrid program, respectively. Similarly, another tool for the prediction of viral miRNA hairpin known as 'ViralmiR' [47] is based on the sequence and structure information. To perform downstream analysis such as target prediction, mature form of miRNA is required. 'MiRmat' [48] is designed to predict mature miRNAs from pre-miRNAs by introducing the free energy distribution of stem loop structure and random forest algorithm. 'MatureBayes' [49] using naive Bayes classifier can predict mature miRNA from the precursor sequence. It takes both mature miRNAs and same size non-mature miRNA sequence examples to improve sensitivity and specificity. In addition, there is a tool called 'PHDcleav' [50] , which uses sequence and structure pattern of Dicer cleavage site. 'MaturePred' [51] uses feature extraction, feature selection and training sample selection to predict miRNAs from precursor sequence. Identification of novel mature miRNA and its target prediction will contribute to post-transcriptional regulation of gene network. Detailed features for novel miRNA prediction tools are shown in Table 3 .
miRNA target prediction tools
The 3 0 -untranslated region (UTR) of mRNAs is targeted by miRNAs for its translational repression and degradation. It has been shown that miRNAs regulate >60% of protein-coding genes [52] . Regulations of genes by miRNA are important for eukaryotic physiology and development. There are many features used for miRNA target prediction such as (i) seed match, which is defined as first 2-8 nts from the 5 0 -end counting toward 3 0 -end with a perfect seed match without gaps between the miRNA and target mRNA [53, 54] ; (ii) conservation, which is defined by preserving of sequence across species [54] ; (iii) free energy as a measure of miRNA binding to target mRNA wherein usually less energy correspond to higher stability [55] ; (iv) site accessibility, which is the measurement of facilitation of miRNA binding to target mRNA, which is dependent on secondary structure of mRNA [56, 57] ; and (v) target-site abundance refers to the number of binding sites of miRNA in a given mRNA [58] and some other less common features such as patternbased approach [59] , local AU content [60, 61] and GU wobble in the seed match [62] . There are several online databases that use one or other of above features for the target prediction such as [63] , 'TargetScan database' [53, 64] , 'PITA' [65] , 'DIANAmicroT-v5.0' [66] , 'MicroCosm Targets' [25, 67] , 'RNA22v2' [59] 'RepTar database' [68] , 'miRanda' [69] , 'RNA hybrid' [70] , 'Pic Tar' [71] [72] [73] and 'miRTar' [74] . 'FindTar3' [75] miRNA target prediction tools in plants 'PMRD' [99] contains target genes, along with predictive interactions for certain species (Arabidopsis, rice, poplar, soybean, cotton, Medicago and maize). 'psRNATarget' [100] is a plant sRNA analysis tool used for high-throughput analysis of NGS data that generates a list of targets associated with miRNAs, allowing the user to sort and download results. 'Plant miRNA Target Expression Database (PMTED)' curates the gene expression values of target genes using published microarray data [101] . Conservation of regulation of miRNA targets, in different species, can be determined by using 'comTAR' [102] .
Viral miRNA target prediction tools
Viral miRNA data generated by experiments and their targets can be accessed using 'VIRmiRNA' database [103] . Users can browse, search and analyze predicted viral and cellular miRNA target genes. Similar to VIRmiRNA, the database 'ViTa' [104] also determines the interrelationship between host miRNAs and related viruses. The algorithm uses miRanda and TargetScan for prediction of miRNA targets within virus genomes. Comparisons of subtypes of viruses and their conserved regions can also be performed. All databases related to target prediction are listed in Table 4 .
Tools for miRNA transcription start sites and transcriptional factors (TFs) miRNAs are key players in regulating gene expression in normal human physiology. Identifying the transcription start site (TSS) and TF driving miRNA expression is important to understand their regulation. There are many databases that can be useful for predicting the transcriptional regulation of miRNAs. Table 5 .
miRNA and SNP
Sequence variation in miRNA genes, pri-and pre-miRNAs and mature miRNAs could influence the processing, biogenesis and also alter the target selection of miRNAs [113] . SNPs in miRNAs or their target sites have been reported to be associated with different diseases that could modify the miRNA regulatory effect [114] . There is a requirement for tools that could provide information for SNPs in miRNAs, targets sites and their downstream effects. 'miRdSNP' [115] provides information about SNPs present in the miRNA target sites on 3 0 -UTR curated from PubMed. 'PolymiRTS Database 3.0' [116] identifies miRNA targets from cross-linking, ligation and sequencing of hybrids experiment. 'miRNASNP' [117] is useful for studying miRNA functions and polymorphism effects, which could be helpful in developing personalized medicine. 'CREAM' [118] contains functional MiRSNP associated with chemotherapy resistance. 'SomamiR' [119] contains a list of germ line and somatic mutations in miRNAs that have been predicted as well as experimentally proven to be associated with various cancers. 'miRvar' [120] studies the functional consequence of genomic variation in miRNA loci. 'MicroSNiPer' [121] computes an output using a haplotype. 'Mirsnpscore' [122] uses linkage disequilibrium to map miRSNPs to SNPs of interest in Genome-Wide Association Study (GWAS). 'MirSNP' [123] identifies miRNArelated SNPs from GWAS and eQTLs (expression quantitative trait loci). Detailed features related to SNPs are shown in Table 6 .
miRNA and long noncoding RNA interactions analysis tools
Long noncoding RNAs (lncRNA) are a class of noncoding RNA (ncRNA) having length >200 nts, which are shown to be involved in various stages of gene regulation, and various other cellular processes [124] . There are reports that show the interaction of miRNA with lncRNA [125, 126] . These findings suggest that miRNA regulation of lncRNAs may be involved in gene regulatory process. We have comprehensively listed online tools available that will predict the interaction of miRNAs and lncRNAs. 'DIANA-LncBase' [127] provides miRNA targets on Online tools for miRNA analysis | 257 [129] . 'lncRNASNP' [130] provides information on impact of SNPs present in lncRNAs and on its structure and function. 'lncRNAtor' [131] investigates the function of lncRNA that includes annotation, sequence analysis, expression of genes, protein binding and phylogenetic conservation. 'lncRNAdisease' [132] describes the association of lncRNAs and diseases. 'LncACTdb' [133] systematically characterized lncRNA-associated competing triplets specific to cancer. Databases containing information about lncRNA and their interaction with miRNA are shown in Table 7 .
miRNA and disease annotation tools
Many studies have shown the deregulated miRNAs and their association with diseases such as cancer. There are databases that provide information about differentially expressed miRNAs in diseases (Table 8) . 'miRo' [134] is a database that provides miRNA-phenotype in humans. 'miRCancer' [135] gives a comprehensive collection of miRNA expression profiles in human cancers based on published literature. 'PhenomiR' [136] database provides information about differentially expressed miRNA in diseases and other biological processes. It is built on the data mined from >365 scientific articles, which resulted in >632 database entries. For annotation of diseases, information from the OMIM Morbid Map was used, and bioprocesses are described with reference from GO. 'miR2Disease' [137] is manually curated, exhaustive resource containing data about dysregulation of miRNAs and comprehensive details of the miRNA and its relation to a particular disease. 'Cervical Cancer Database' (CCDB) is a collection of experimentally validated miRNAs that are associated with different stages of cervical cancer. It also contains the information on the gene and protein sequences [138] . Another database that helps to analyze the disease association of miRNA data is 'Human microRNA Disease Database' (HMDD) [139] . It allows users to upload their own data into the database. Cancers associated with miRNA are available in the 'miCancerna' database [140] . The algorithm makes use of automated literature mining. Researchers working in endometrial cancer can use 'miREC' database [141] . 'miREnvironment' [142] is a comprehensive collection of experimentally supported miRNA interaction with environment factors and phenotypes descriptions. An extensive survey of some of these tools were reviewed in Wang et al. [143] .
miRNA function analysis tool
It is well known that miRNAs regulate and participate in diverse biological functions, processes and pathways. Towards this, there are several online databases that can predict the function of miRNA as shown in Table 9 . 'FAME' [144] automatically infers the processes affected by human miRNAs by using computational target predictions. The entire analysis is arrived at through a collection of experimentally verified miRNA-pathway and miRNA-process associations. FAME is able to assign differential functions to miRNAs with closely related sequences by predicting novel miRNA-regulated pathways and refining the annotation of miRNAs. 'The non-coding RNA body map' has expression analysis pipeline that helps in the analysis of ncRNAs as per tissue-specific expression, differential expression No information for TSSs between tissues as well as sample subsets and functional annotations. The functional miRNA annotations are based on target predictions adopted from Tsang et al. [145] . Predicted functions for the ncRNA of choice can be retrieved by using the ncRNA2 function tool. The ncRNA2 function allows users to select a function of interest and retrieves ncRNAs associated with it. Moreover, gene sets can be uploaded and one can calculate the association to all ncRNAs in different data sets [146, 147] . 'miR2Gene' [148] has miRNA knowledge for protein-coding gene analysis. It can be used for single or multiple genes and for KEGG pathways. 'Argonaute 2' [149] provides comprehensive information on miRNA. It includes their known and predicted targets, tissue-specific expression and their function. 'miRDB' also has a collection of functional miRNAs in humans and mice. 'miR2GO' [150] relies on comparative analysis for miRNAs function.
miRNA survival analysis tools
There are emerging reports showing miRNA signatures predicting clinical outcomes. This can be achieved by using public data sets. Prognostic significance with miRNA can be studied using 'PROGmiR' tool [151] . Using established miRNA profiles and multivariate survival analysis, the 'SurvMicro' database [152] helps to easily identify miRNA signatures. It comprises >40 associations in various tissues and is a quick tool for survival analysis. 'MIRUMIR' [153] is an online tool specially designed for miRNAs and performs survival analyses by drawing KaplanMeier plots for submitted miRNA. MIRUMIR analyzes rank information from expression data sets, and a robust statistical tool is implemented to account for multiple testing. The profiling of patients into 'high' and 'low' groups in addition to survival information is used to arrive at any statistical differences in survival outcome. 'BreastMark' [154] is an algorithm developed to identify subsets of genes/miRNAs, which are associated with disease progression in breast cancer and its subtypes, i.e. set of putative prognostic markers. 'OncoLnc' [155] provides survival data for mRNA, miRNA and lncRNA. Web-based tools for miRNA survival analyses are listed in Table 10 .
Tools for isomiR and miRNA editing
Along with canonical miRNA, there are other distinct miRNAlike sequences generated from same pre-miRNA called isomiRs. These isomiRs exhibit slight addition or truncations at their 5 0 -and 3 0 ends. For the detection of isomiRs in different data sets, there are different online tools available. 'Isomir Bank' [156] can be used for tracking isomiRs. 'DeAnnIso' [157] was developed for detection and annotation of isomiR. 'DREAM' [158] is web-based tool that can identify the RNA editing events in mature miRNAs using deep sequencing data. 'miR-EdiTar' [159] predicted A-to-I editing. Databases related to these features have shown in Table 11 .
Databases for miscellaneous applications
There are several other databases related to miRNAs that support diverse query type. 'CHIPbase' [160] contains Chip-Seq data that include GO and pathways. 'MiRGator v3.0' [161] is a compilation of deep sequencing miRNA data available publicly from Gene Expression Omnibus (GEO), Sequence Read Archive (SRA) and The Cancer Genome Atlas (TCGA). It has several features such as co-expression analysis of miRNA-mRNA expression data, compilation of validated and predicted targets and inverse There are reports showing presence of miRNA in circulation, which can be used as a blood-based biomarker for several diseases including cancer. 'miRandola' [163] is a database containing a comprehensive curation of extracellular circulating noncoding RNAs. 'YM500v2' [164] is an integrated online tool for isomiR identification, arm switching discovery, novel miRNA prediction and miRNA quantification using sRNA sequencing data. It also has a meta-analysis option to identify differentially expressed miRNAs. 'mESAdb' [165] is an updated multivariate analysis of sequence and expression of miRNAs from different data sets. 'EpimiR' [166] is a database for the association of epigenetics and miRNA regulation based on >300 literature search consisting of information from seven species. 'miTALOS' [167] includes the tissue-specific expression of miRNA and target transcripts to analyze the signaling pathway regulation by miRNA. 'DIANA-miRPath v3.0' [168] supports analyses for KEGG molecular pathways and GO based on the validated and predicted targets of miRNA. 'mirPub' [169] is an online tool for searching miRNA publications from several curated databases. 'MetaMirClust' [170] is an online tool to identify evolutionary conserved patterns of miRNA clusters in metazoan genomes. Similarly, there is an another tool named 'ZoomiR' [171] , which searches for homologous miRNA in animal genome. 'mirEX' [172] has information about 190 Arabidopsis thaliana pri-miRNAs expression profile in seven different development stages. 'miRVine' [173] involved NGS technology to understand miRNA involvement in grapevine development. 'PmiRKB' [174] is a plant miRNA database having four modules for SNP detection, transcription signals of pri-miRNA, miRNA-target and self-regulated miRNA. 'PNRD' [175] has information about lncRNAs, transfer RNA, ribosomal RNA, transacting small interfering RNA, small nuclear RNA, small nucleolar RNA, literature-based search, miRNA prediction tool and many more. 'GAmiRdb' [176] is an online tool to search miRNA and their targets in three-spined stickleback. 'IntmiR' [177] is a curated database of intronic miRNAs from mouse and human. 'Pharmaco-miR' [178] is an online tool that links expression of miRNA and drug function. [185] contains miRNA expression profile in normal and cancer cell and used three computational tools for target prediction. 'miRTrail' [186] investigates the regulatory interactions between genes and miRNAs. Based on miRNA and gene expression, 'MAGIA' [187] predicts the target and functional annotation and enrichment analysis. 'ChemiRs' [188] can be used for association of miRNAs and chemicals. 'TissueAtlas' [189] provides a platform for miRNA expression in various tissues. 'MethmiRbase' uses meta-analysis to identify potential DNA methylation and miRNA expression [190] . Detailed features for these databases are listed in Table 12 .
Conclusion
Regulatory RNA informatics can be used by researchers even with a basic knowledge of bioinformatics. miRNAs being an important class of regulatory RNAs, which play a major role in maintenance of homeostasis and its deregulation. Here, we have compiled information about the web-based tools of miRNA-related information ranging from miRNA prediction to miRNA complex network analysis based on their targets. These databases help biologists by providing access to a collection of miRNA information in an organized fashion. Further, we encourage the users to check for the version, maintenance status and data used by each tool before its use. Taken together, these databases help in performing in-depth analysis of miRNAs and its role in various experimental, physiological and clinical uses. This emerging field will probably have many more discoveries and surprises in the coming years. Online tools for miRNA analysis | 267 
Key Points
• We have reviewed and compiled 147 miRNA databases and online tools for structural-and functional-related areas of miRNA research.
• Our review is a comprehensive survey consisting of large number of published online tools, which can be used for analysis and interpreting results of miRNA from animals, plant and microbes.
• These tools can be used for studying miRNA research for (i) NGS, (ii) novel miRNA prediction, (iii) target prediction (mRNA and lncRNA), (iv) disease and survival association, (v) effect of SNPs in miRNA and its binding sites and (vi) RNA editing and isomiR detection and many more without extensive computational knowledge. 
